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Knowledge of cellular composition of aortic tunica media is important to improve understanding 
of aortic pathology. The aorta of 6 healthy male goats was studied by electron microscopy to 
elucidate cell types within the tunica media. Glutaraldehyde fixed specimens were processed for 
durcupan embedding and sectioning, stained with uranyl acetate, counterstained with lead 
citrate and ultrathin sections examined at high magnification. Two non muscle cells were 
observed, one resembling fibroblasts and the other with features of macrophages. It is 
concluded that these cells are normal constituents of the aortic media, involved in synthesis of 
extracellular matrix and immunosurveillance respectively. Their involvement in repair and 
disease process needs further investigation. 
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INTRODUCTION 
Cellular composition of the tunica media is 
important in maintaining the structural 
integrity (Siedel, 1997; Bia et al., 2003) and 
physicomechanical properties of the aortic 
wall (Bia et al., 2003; Van Leeuwen, 2003). 
Most studies report the tunica media to 
comprise only the smooth muscle cell and 
its variants (Vilaschi et al., 1994; Bochaton 
– Pillat et al., 1996; Frid et al., 1997). The 
morphological data in favour of this cellular 
homogeneity has, however, been 
challenged by immunohistochemical and 
cloning data indicating cellular 
heterogeneity (Seidel, 1997; Sainz et al., 
2006). Some of these cells have been 
implicated in arterial disease and repair 
(Seidel 1997; Tonar et al., 2010). 
Knowledge of the cell types found in normal 
aortic wall will improve understanding of the 
aortic diseases such as of atherosclerosis 
and aneurysms. The goat is a suitable 
model for studying cardiovascular disease 
(Lemson et al., 1999; Zheng et al., 2000). 
The structure of its aorta was, therefore, 
studied to elucidate the cellular composition 
of the tunica media. 
 
MATERIALS AND METHODS 
Materials for this study were obtained from 
6 healthy male goats (Capra hircus) aged 6 
to 24 months. The animals were euthanized 
with overdose of sodium pentabarbitone 
and perfused with buffered 3% 
glutaraldehyde. 2mm3 sections were 
postfixed in osmium tetroxide. The post-
fixed specimens were rinsed in sodium 
phosphate buffer for 15 minutes then 
dehydrated by passing through increasing 
concentrations of ethanol (50%; 60%; 
70%; 80%; 90%; 95% and 100%) for 30 
minutes each, and twice for 1 hour each in 
absolute ethanol.  The sections were then 
cleared in propylene oxide for 30 minutes.  
Subsequently, the sections were infiltrated 
in catalyst free durcupan mixture I as 
follows: propylene oxide: durcupan 3:1 – 30 
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minutes; propylene oxide: durcupan 1:1 – 
30 minutes; propylene oxide: durcupan 1:3 
– 30 minutes and absolute durcupan at 
600C in oven for one hour.  The sections 
were then embedded in 100% durcupan 
with catalyst, and polymerized in an oven at 
600c, for 48 hours. Ultrathin sections made 
with Reichert ultramicrotome© were 
collected on 200 mesh copper grids, stained 
with uranyl acetate, counterstained with 
lead citrate (Glauert, 1965), and examined 
by EM 201 Phillips© electron microscope.  
 
RESULTS 
In the muscle islands of the adventitial zone 
in the tunica media, the interfascicular 
space contained smaller cells with large 
euchromatic nuclei and prominent nucleoli 
(Fig 1A).  These cells were characterized by 
extensive cytoplasmic processes which ran 
between the matrix components.  The 
cytoplasm in the perinuclear region, and 
within the processes shows prominent 
rough endoplasmic reticulum and 
mitochondria, but scarce microfilaments 
(Figure 1B).  These cells also lacked 
remnants of a basal lamina, and resembled 
fibroblasts.  Similar fibroblast-like, but much 
more slender and elongated, cells were 
found between the elastic lamellae joining 
the muscle islands (Figure 1C).  A second 
type of cells was observed in some folds of 
elastic lamellae.  Such cells were 
characterized by a kidney shaped nucleus, 
irregular cell surface and numerous 










Figure 1A –D: Electron micrographs of tunica media of goat thoracic aorta showing non-muscle cells. A: 
A synthetic cell (sc) bearing cytoplasmic extensions (arrowheads), and euchromatic nucleus (Nu) with two nucleoli 
(stars).  Note the surrounding smooth muscle cells (smc), elastic (ef) and collagen (co) fibres. x8,760. B: Part of 
the synthetic cell in figure 1A.  Note the abundance of rough endoplasmic reticulum (rer), and also collagen (co) in 
the neighbourhood.  x63,400. C: Part of an interlamellar elongated cell with extensive rough endoplasmic 
reticulum (rer), and absent basal lamina.   Note elastic fibres (ef), collagen (co) fibres and the smooth muscle cell 
(smc) in the neighbourhood. x63,400. D: A macrophage-like (M) cell with an irregular outline, kidney shaped 
nucleus (Nu) and lysosome-like structures (stars).  Note its proximity to elastic fibre (ef), collagen (co) and smooth 
muscle cells (smc).  x 8,760. 
 
DISCUSSION 
The tunica media of the goat aorta 
contains, apart from smooth muscle cells of 
variable sizes, fibroblast-like cells, 
characterised by cytoplasmic processes, 
abundant rough endoplasmic reticulum, 
euchromatic nucleus, prominent nucleolus, 
and absence of myofilaments and basal 
lamina.  The demonstration of these cells is 
at variance with the generally accepted view 
that the arterial tunica media consists of 
only the smooth muscle cells and their 
phenotypic variants (Wissler, 1968; Villaschi 
et al., 1994; Bochaton-Pillat et al., 1996; 
Frid et al., 1997; Nowrozani, 2011).  Similar 
cells have been reported in the aortic tunica 
media of the dog by Geer et al., (1961) and 
chicken by Moss and Bendit (1970), who 
called them interlamellar connective tissue 
cells, and postulated that they were 
involved in the synthesis of extracellular 
matrix.   It is plausible that similar cells 
differentiated within the tunica media to 
specifically serve the function of matrix 
synthesis and secretion so that they relieve 
the smooth muscle cells of this function.  In 
this way, the smooth muscle cells, free of 
synthetic role, concentrate on contractility.  
 
The other cell type in the tunica media is 
characterized by large dented nuclei, 
vacuoles with dark material, cytoplasmic 
extensions and lysosome-like structures.  
These features are usually associated with 
macrophages.  The presence of these 
“macrophage-like” cells supports reports 
that macrophages, and vascular dendritic 
cells, exist in the tunica media of the 
healthy rabbit, and human aortae (Hineck 
and Rosnowski 1975; Hineck and Konsinski, 
1975; Krupa et al., 2002; 2004).  
 





Both fibroblast – like cells and macrophages 
are usually associated with atherosclerosis 
(Toda, 1988; Halloran et al., 1997; Sako et 
al., 2003) and asymptomatic aneurysms 
(Tonar, 2010). The presence of these cells 
in healthy aortae supports the view that 
such cells, are normal constituents of the 
aortic wall.  Their demonstration, in the 
present study, in young free-ranging goats 
further supports the view that they are 
normal components of the aorta, which are 
important in synthesis of extracellular 
matrix fibers namely elastin and collagen 
(Siedel, 1997) and in maintaining immune 
surveillance in the aortic wall by 
phagocytosis and antigen presentation 
(Weyand et al., 2005; Galkina et al., 2006).  
 
In conclusion, two non-muscle cells were 
observed, one resembling fibroblasts and 
the other with features of macrophages. It 
is concluded that these cells are normal 
constituents of the aortic media, involved in 
synthesis of extracellular matrix and 
Immunosurveillance respectively. Their 
involvement in repair and disease process 
needs further investigation. 
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